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Abstract 
Presently a day's, exploration is centered around the change of machining procedures. As a 
piece of it surface completion on mechanical components has turned out to be entirely 
noteworthy in the operational and aesthetical perspective. To upgrade exactness and 
accuracy, producing firms are receiving mechanized frameworks to accomplish fabricating 
fabulousness. In the present work, the impact of different procedure parameters like axle 
speed, sustain, and nose range on cutting powers in step turning procedure is explored by 
utilizing Response Surface Method. Three elements Three levels are utilized and add up to 15 
analyses are executed according to Box-Benhken Design. The coefficients are ascertained by 
utilizing relapse investigation and the model is built. The sufficiency of the created model is 
checked utilizing Analysis of Variance (ANOVA) procedure. By utilizing the scientific model 
the primary and connection impact of different procedure parameters on cutting strengths 
are considered.  
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INTRODUCTION 
Turning is one of the important machining 
processes which are commonly used in 
any industry. In order to obtain the desired 
quality of the finished product, one has to 
control the machining parameters. The 
forces acting on the work piece plays a 
vital role in obtaining the desired quality. 
Many works are reported on turning and 
some of the works concentrated on 
studying machining parameters are 
presented in thepresent work.Rodrigues 
L.L.Ret al. study the effect of speed, feed 
and depth of cut on surface roughness(Ra) 
in turning mild steel using high speed steel 
cutting tool [1]. S. Thamizhmaniiet al. 
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focused on the analysis of optimum 
cutting conditions to get lowest surface 
roughness in turning SCM 440 alloy steel 
by Taguchi method[2].B. Bin Omar et al. 
analyzed the surface roughness produced 
by turning process on hard martens tic 
stainless steel by Cubic Boron Nitride 
cutting tool[3]. The work piece material 
was hard AISI 440C martens tic stainless 
steel. K. Kamarudinet al. studied the tool 
wear and surface roughness of AISI 8620 
material using coated ceramic tool by 
turning process[4]. Duong Xuan-Truong et 
al. investigated surface roughness during 
hard turning of Inconel 718 material [5]. 
SubhajitDangar at el. studied thecontrol 
parameters of a cast iron specimen 
undergoing turning operation are 
optimized so as to obtain minimum 
surface roughness[6]. K. Adarsh Kumar et 
al.analysed the optimum cutting 
conditions to get lowest surface roughness 
in facing by regression analysis[7]. 
JitendraVermaet al. focused on the 
analysis of optimum cutting conditions to 
get lowest surface roughness in turning 
ASTM A242 Type-1 ALLOYS STEEL by 
Taguchi method[8].  
 
Trajcevski at el. obtained mathematical 
models of temperature during machining 
process by high speed turning as a 
function of processing parameters v, f, 
a andre. Sushil D. Ghodam studied on 
temperature distribution in turning 
process[9, 10].The temperature generated 
on rake face of cutting tool and 
experimental methods for measurement of 
temperature are reviewed.Sushil D. 
Ghodam studied on variation of 
temperature at the cutting point of the tool 
in machining process[11]. The procedure 
for the working of Tool-work 
thermocouple and method of calibration is 
described in this paper.KadamPrajapatiet 
al.studied on hard turning machining 
process which involves turning of 
hardened material (45-70 HRC) in to 
finish components in the industries [12]. 
Yash R. Bhoyaret al.developed a finite 
element analysis simulation model in 
order to obtain solutions of the cutting 
forces, specific cutting energy and 
adequate temperatures occurring at 
different points through the chip/tool 
contact region and the coating/substrate 
boundary for a range of cutting tool 
materials and defined cutting 
conditions[13]. Ismail Lazoglu studied on 
a numerical model based on the finite 
difference method is presented to predict 
tool and chip temperature fields in 
continuous machining and time varying 
milling processes [14]. Bogdan Pstudied 
on cutting temperature in cutting 
process[15]. Around 90% of heat 
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generated during cutting process is 
transferred by sawdust, and the rest is 
transferred to the tool and work-piece.  
From the literature review, it is understood 
that in most of the works researches used 
Design of Experiments and studied surface 
roughness. However, they had considered 
speed, feed and depth of cut. In the present 
work we had considered the effect of 
spindle speed, feed and nose radius on 
cutting forces. 
 
 
EXPERIMENTAL PROCEDURE 
Commercial Aluminium rod ofΦ25 x 500 
mm long is taken and both the sides are 
faced. By using steel rule and scriber the 
aluminium rod is divided into 15 
subdivisions to facilitate turning process. 
Three input parameters are chosen, 
namely spindle speed, feed and nose 
radius. The levels and values of chosen 
parameters are presented in Table 1. 
 
Table 1:Parameters and their Limits. 
 Levels 
Parameter -1 0 +1 
Spindle Speed (rpm) 200 300 500 
Feed (mm/sec) 0.5 0.75 1 
Nose Radius (mm) 0 0.5 1 
 
Design of Experiments (DOE) is used to 
select the design matrix. Experiments are 
performed as per Box Behnken Design 
matrix for three factors and three levels. 
Total 15 combinations of experiments are 
carried out in dry machining condition. 
Cutting forces are recorded using 
Dynamometer, surface finish values are 
measured using Talysurfand Tool Tip 
Temperature is recorded using Infra Red 
Gun for the 15 conditions. The recorded 
values are reported in Table 2. 
 
Table 2: Experimental Results for Aluminium. 
Exp No. Spindle 
Speed(rpm) 
Feed 
(mm/sec) 
Nose 
Radius (mm) 
FX 
(Kgf) 
FY 
(Kgf) 
FZ 
(Kgf) 
1 200 0.5 0.5 11.0 20.60 6.6 
2 500 0.5 0.5 22.4 41.96 6.4 
3 200 1 0.5 19.0 35.59 5.8 
4 500 1 0.5 29.4 55.07 8.0 
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5 200 0.75 0 11.2 20.98 7.8 
6 500 0.75 0 13.6 25.47 3.2 
7 200 0.75 1 12.4 23.23 6.0 
8 500 0.75 1 27.8 52.07 10.4 
9 300 0.5 0 11.0 20.60 6.8 
10 300 1 0 24.2 45.33 7.0 
11 300 0.5 1 10.2 19.10 5.0 
12 300 1 1 27.0 50.57 9.4 
13 300 0.75 0.5 16.8 29.47 6.6 
14 300 0.75 0.5 14.4 35.97 5.8 
15 300 0.75 0.5 18.6 30.84 6.4 
 
Development of Mathematical Model 
Using MINITAB 14 statistical software package, the significant coefficients were determined 
and final model is developed using coefficients to estimate cutting forces, surface finish and 
tool tip temperature. 
 
FX=13.1789+0.0483X1-42.3158X2-11.284X3-0.00001X1
2
+45.6000X2
2
 -5.4000X3
2 
-
0.0211X1X2 +0.0481X3X1+7.2000X2X3 
FY=17.6668+0.1079X1-67.2079X2-19.1268X3-0.0001X1
2
+77.3933X2
2
 -12.1217X3 
2 
-
0.0415X1X2 +0.0901X3X1+13.4800X2X3 
FZ=17.5070-0.0238X1-12.72632-16.7246X3-0.0001X1
2
+5.0667X2
2
 +1.86677X3
2 
+0.0112X1X2 +0.0309X3X1+8.4000X2X3 
Where, X1,X2, X3 are the coded values of spindle speed, feed and nose radius. 
 
Checking the Adequacy of the Developed Model 
The sufficiency of the created model was tried utilizing the Analysis of Variance system 
(ANOVA). According to this method, if the computed estimation of the Fratio of the created 
model is not exactly the standard Fratio (from F-table) esteem at a coveted level of certainty 
(say 95%), then the model is said to be satisfactory inside as far as possible. 
 
Figures 1–3indicates the scatter plot for cutting forces of the turning process and reveals that 
the experimental and predicted values are close to each other with in the specified limits. 
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Fig.1: Scatter Plot for FX. 
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Fig. 2: Scatter Plot for FY. 
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Fig. 3: Scatter Plot for FZ. 
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Effect of Turning Parameters on 
Cutting Forces 
Graphs are drawn for each turning 
parameters separately (Figures 4–6) and 
the following observations are made: 
Cutting forces along x,y,z directions are 
increased with increase in spindle speed, 
feed and nose radius. 
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Fig.4: Main Effect on FX. 
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Fig.5: Main Effect on Fy. 
 
  
 
 
12 Page 6-23 © MAT Journals 2016. All Rights Reserved 
 
Journal of Mechanical and Mechanics Engineering  
Volume 2 Issue 2 
 
M
e
a
n
 o
f 
Fz
(K
g
f)
500300200
7.6
7.2
6.8
6.4
6.0
1.000.750.50
1.00.50.0
7.6
7.2
6.8
6.4
6.0
Spindle Speed (rpm) Feed(mm/sec)
Nose Radius(mm)
Main Effects Plot (data means) for Fz(Kgf)
 
Fig. 6: Main Effect on FZ. 
 
Contour Plots  
The simultaneous effect of two parameters 
at a time on the output response is 
generally studied using contour plots. By 
generating contour plots using statistical 
software (MINITAB14) for response 
surface analysis, the most influencing 
parameter can be identified based on the 
orientation of contour lines. If the counter 
patterning of circular shaped counters 
occurs, it suggests the equal influence of 
both the factors; while elliptical contours 
indicate the interaction of the factors.  
 
Contour Plots for Fx 
Figures7–9 indicate the contour plots for 
cutting force along x-axis. From the 
contour plots of cutting force along x-
axis., it is understood that spindle speed is 
the most dominating parameter followed 
by feed and nose radius. 
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Fig.7: Contour Plot for Fx (Spindle Speed vs. Feed). 
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Fig.8: Contour Plot for Fx (Spindle Speed vs. Nose Radius). 
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Fig.9: Contour Plot for Fx (Feed vs. Nose Radius). 
 
Contour Plots for Fy 
Figures10–12 indicate the contour plots 
for cutting force along y-axis. From the 
contour plots of cutting force along y-
axis., it is understood that spindle speed is 
the most dominating parameter followed 
by feed and nose radius. 
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Fig. 10: Contour Plot for Fy (Spindle Speed vs. Feed). 
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Fig. 11: Contour Plot for Fy (Spindle Speed vs. Nose Radius). 
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Fig. 12: Contour Plot for Fy (Feed vs. Nose Radius). 
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Contour Plots for Fz 
Figures13–15 indicate the contour plots 
for cutting force along z-axis. From the 
contour plots of cutting force along z-
axis., it is understood that spindle speed is 
the most dominating parameter followed 
by feed and nose radius. 
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Fig. 13: Contour Plot for Fz (Spindle Speed vs. Feed). 
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Fig. 14: Contour Plot for Fz (Spindle Speed vs. Nose Radius). 
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Fig. 15: Contour Plot for Fz (Feed vs. Nose Radius). 
 
Surface Plots  
Surface plots are drawn to identify the 
optimal combination of input parameters, 
so that desired output response is 
achieved. 
 
Surface Plots for Fx 
 From Figure 16, it is understood that 
lower Fx values can be obtained at a 
feed of 0.50 mm/sec and spindle speed 
of 200 rpm.  
 From Figure 17, it is understood that 
lower Fx values can be obtained at a 
spindle speed of 200 rpm and nose 
radius of 1mm. 
 From Figure 18, it is understood that 
lower Fx values can be obtained at a 
feed of 0.5 mm/sec and nose radius of 
1mm. 
From the Figures16–19, it is clear that in 
order to achieve lower Fx values, it is 
recommend using a spindle speed of 200 
rpm, feed of 0.5 mm/sec and nose radius 
of 1mm. 
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Fig.16: Scatter Plot for Fx (Spindle Speed vs. Feed). 
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Fig.17: Scatter Plot for Fx (Spindle Speed vs. Nose Radius). 
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Fig.18:Scatter Plot for Fx (Feed vs. Nose Radius). 
 
Surface Plots for Fy 
 From Figure 19, it is understood that 
lower Fy values can be obtained at a 
feed of 0.50 mm/sec and spindle speed 
of 200 rpm.  
 From Figure 20, it is understood that 
lower Fy values can be obtained at a 
spindle speed of 200 rpm and nose 
radius of 1mm. 
 From Figure 21, it is understood that 
lower Fy values can be obtained at a 
feed of 0.5 mm/sec and nose radius of 
1mm. 
. 
From the Figures 19–21,it is clear that in 
order to achieve lower Fy values, it is 
recommend to use a spindle speed of 200 
rpm, feed of 0.5 mm/sec and nose radius 
of 1mm. 
 
  
 
 
19 Page 6-23 © MAT Journals 2016. All Rights Reserved 
 
Journal of Mechanical and Mechanics Engineering  
Volume 2 Issue 2 
 
1.00
Fy(Kgf)
20
0 .75
30
40
Feed(mm/sec)200 300 0.50400
500
Spindle Speed (rpm)
Hold Values
Nose Radius(mm) 0
Surface Plot of Fy
 
Fig. 19: Scatter Plot for Fy (Spindle Speed vs. Feed). 
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Fig. 20: Scatter Plot for Fy (Spindle Speed vs. Nose Radius). 
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Fig.21: Scatter Plot for Fy (Feed vs. Nose Radius). 
 
Surface Plots for Fz 
 From Figure 22, it is understood that 
lower Fx values can be obtained at a feed 
of 0.50 mm/sec and spindle speed of 500 
rpm.  
 From Figure 23, it is understood that 
lower Fx values can be obtained at a 
spindle speed of 200 rpm and nose radius 
of 1mm. 
 From Figure 24, it is understood that 
lower Fx values can be obtained at a feed 
of 1 mm/sec and nose radius of 1mm. 
From the Figures22–24, it is clear that in 
order to achieve lower Fx values, it is 
recommend to use a spindle speed of 200 
rpm, feed of 0.5 mm/sec and nose radius 
of 1mm.
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Fig. 22: Scatter Plot for Fz (Spindle Speed vs. Feed). 
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Fig. 23: Scatter Plot for Fz (Spindle Speed vs. Nose Radius). 
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Fig.24: Scatter Plot for Fz(Feed vs. Nose Radius). 
 
CONCLUSION 
From the experiments performed the 
following results are drawn. 
 Empirical mathematical model are 
developed for Cutting forces in order 
to predict their values within the range 
of the turning parameters selected for 
the chosen material (Aluminium). 
 The experimental and predicted values 
are very close to each other, which 
indicate the accuracy of the developed 
model. 
 The sufficiency of the created model is 
checked utilizing ANOVA at 95% 
certainty level advertisement observed 
to be satisfactory. 
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 From the scatter plot it is understood 
that experimental and predicted values 
are close to each other. 
 Cutting force along x,y,z directions are 
increased with increase in spindle 
speed, feed and nose radius. 
 In order to obtain low cutting forces, it 
is recommended to use low spindle 
speed, high feed and low nose radius. 
 The developed model is valid within 
the range of the selected turning 
parameters. 
 The accuracy of the developed models 
can be improved by considering other 
turning parameters such as cutting 
angles, cutting fluid etc. 
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